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(57) ABSTRACT

In one embodiment, a method for ionospheric delay compen-
sation is provided. The method includes determining an iono-
spheric delay based on a signal having propagated from the
navigation satellite to a location below the ionosphere. A
scale factor can be applied to the ionospheric delay, wherein
the scale factor corresponds to a ratio of an ionospheric delay
in the vertical direction based on an altitude of the satellite
navigation system receiver. Compensation can be applied
based on the ionospheric delay.
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1
IONOSPHERIC DELAY COMPENSATION
USING A SCALE FACTOR BASED ON AN
ALTITUDE OF A RECEIVER

STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH OR DEVELOPMENT

This invention was made with Government support under
NNJ06TA25C awarded by NASA. The Government has cer-
tain rights in the invention.

BACKGROUND

A satellite navigation system is a satellite based radio-
navigation system in which a plurality of satellites orbit the
earth and broadcast information that can be used by receivers
on the earth to determine a position relative to the satellites.
Example satellite navigation systems include the global posi-
tioning system (GPS), the GLONASS system, the Beidou
navigation system, and the Galileo positioning system.

A satellite navigation system receiver (also referred to
herein as simply “receiver”) can determine a navigation solu-
tion based on pseudoranges to a plurality of navigation satel-
lites. A pseudorange can be determined based on the time it
takes for a signal to propagate from a navigation satellite to
the receiver. In order to improve measurement accuracy for
the propagation time of the signal, a receiver can compensate
for delay experienced by a signal due to atmospheric effects.
One of the delays experienced by a signal is caused by trav-
eling through the ionosphere, and is accordingly referred to as
“ionospheric delay”.

Receivers that operate below the ionosphere (e.g., on the
ground) can utilize Klobuchar’s model to estimate the iono-
spheric delay. In the GPS, parameters are transmitted from
GPS satellites for use by receivers in calculating the iono-
spheric delay according to Klobuchar’s model. Accordingly,
receivers can calculate the ionospheric delay according to
Klobuchar’s model based on the parameters transmitted by
the GPS satellites. Klobuchar’s model calculates ionospheric
delay corresponding to a signal that propagated from a satel-
lite to a location below the ionosphere. That is, Klobuchar’s
model can be used to calculate an ionospheric delay corre-
sponding to a signal having propagated through the entire
ionosphere (e.g., a receiver on the ground).

Other models exist to calculate ionospheric delay for a
receiver within the ionosphere, that is, to calculate iono-
spheric delay for a single propagating through only a portion
of the ionosphere. These models include a correction model
presented by Montenbruck. The Montenbruck model can use
curve fitting in order to calculate the ionospheric delay.

SUMMARY

In one embodiment, a method for ionospheric delay com-
pensation is provided. The method includes determining an
ionospheric delay based on a signal having propagated from
the navigation satellite to a location below the ionosphere. A
scale factor can be applied to the ionospheric delay, wherein
the scale factor corresponds to a ratio of an ionospheric delay
in the vertical direction based on an altitude of the satellite
navigation system receiver.

DRAWINGS

Understanding that the drawings depict only exemplary
embodiments and are not therefore to be considered limiting
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2

in scope, the exemplary embodiments will be described with
additional specificity and detail through the use of the accom-
panying drawings, in which:

FIG. 1 is a block diagram of an example of a satellite
navigation system.

FIG. 2 is a flow diagram of an example of a method for
ionospheric delay compensation using a scale factor based on
an altitude of a receiver.

FIG. 3 is a block diagram of an example of a satellite
sending a signal to a receiver within the ionosphere.

In accordance with common practice, the various
described features are not drawn to scale but are drawn to
emphasize specific features relevant to the exemplary
embodiments.

DETAILED DESCRIPTION

In the following detailed description, reference is made to
the accompanying drawings that form a part hereof, and in
which is shown by way of illustration specific illustrative
embodiments. However, it is to be understood that other
embodiments may be utilized and that logical, mechanical,
and electrical changes may be made. Furthermore, the
method presented in the drawing figures and the specification
is not to be construed as limiting the order in which the
individual steps may be performed. The following detailed
description is, therefore, not to be taken in a limiting sense.

The embodiments described below can relate to single
frequency ionospheric delay compensation for a satellite
navigation system receiver that is within the ionosphere.
These systems and methods can calculate the ionospheric
delay using a scale factor based on an altitude from a receiver.
In an example, a first ionospheric delay is calculated accord-
ing to Klobuchar’s model. The first ionospheric delay is
scaled by a scale factor to account for a receiver that is within
the ionosphere. The scale factor can be determined based on
direct queries into the International Reference Ionosphere
(IRI) database using an altitude of a receiver for reference.

FIG. 1 is a block diagram of an example of a satellite
navigation system 100. The satellite navigation system 100
includes a plurality of satellites 102-110 and one or more
receivers 112. As mentioned above, the satellites 102-110 can
transmit signals for reception by the receiver 112. The
receiver 112 can receive a signal from one or more of the
satellites 102-110 and calculate a navigation solution (e.g.,
position and/or velocity) based on the signals. Example sat-
ellite navigation systems 100 include the global positioning
system (GPS), the GLONASS system, the Beidou navigation
system, and the Galileo positioning system.

The receiver 112 can include one or more processing
devices 114 coupled to one or more memory devices 116. The
one or more memory devices 116 can include instructions 118
which, when executed by the one or more processing devices
114, can cause the one or more processing devices 114 to
perform one or more acts. As used herein, the receiver 112 is
configured to perform a function when the memory 116
includes instructions 118 which, when executed by the pro-
cessing device 114, cause the processing device 114 to per-
form the function.

In an example, the one or more processing devices 114 can
include a central processing unit (CPU), microcontroller,
microprocessor (e.g., a digital signal processor (DSP)), field
programmable gate array (FPGA), application specific inte-
grated circuit (ASIC), or other processing device. The one or
more memory devices 116 can include any appropriate pro-
cessor readable medium used for storage of processor read-
able instructions or data structures. Suitable processor read-
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able media can include tangible media such as magnetic or
optical media. For example, tangible media can include a
conventional hard disk, compact disk (e.g., read only or re-
writable), volatile or non-volatile media such as random
access memory (RAM) including, but not limited to, synchro-
nous dynamic random access memory (SDRAM), double
data rate (DDR) RAM, RAMBUS dynamic RAM
(RDRAM), static RAM (SRAM), etc.), read only memory
(ROM), electrically erasable programmable ROM (EE-
PROM), and flash memory, etc. Suitable processor-readable
media can also include transmission media such as electrical,
electromagnetic, and digital signals, conveyed via a commu-
nication medium such as a network and/or a wireless link.
Moreover, it should be understood that the processor readable
media can be integrated into the receiver 112 as in, for
example, RAM, or can be a separate item to which access can
be provided to the receiver 112 as in, for example, portable
media such as a compact disk or flash drive.

The receiver 112 can also include an antenna 120 coupled
to the processing device 114 and configured to sense signals
from the satellites 102-110. In an example, the receiver 112
can be configured to receive a single frequency (e.g., the f1
GPS frequency) from the satellites 102-110. In an example,
the receiver 112 can include one or more output devices 122
to provide information to a user. The output device 122 can
include a display, a speaker, a haptic feedback generator, a
light, and other output mechanisms. In an example, the
receiver 112 can be integrated into a larger device such as, for
example, a spacecraft.

In an example, the receiver 112 is configured to measure
the amount of time a signal takes to propagate from a satellite
102-110 to the antenna 120 and thus estimate the distance
between the satellite 102-110 and the antenna 120. The
receiver 112 can be further configured to calculate a naviga-
tion solution based on multiple pseudorange measurements.
In an example, a navigation solution can be in earth relative
coordinates (e.g., a latitude, longitude, and altitude).

FIG. 2 is a flow diagram of a method 200 for ionospheric
delay compensation using a scale factor based on an altitude
of'a receiver 112. In an example, the method 200 can be used
for real-time single frequency ionospheric delay compensa-
tion when the receiver 112 is within the ionosphere. FIG. 3
illustrates block diagrams of examples of a satellite 102 send-
ing a signal to a receiver 112 for use in explaining the method
200.

Method 200 includes receiving a signal from a satellite 102
at a receiver 112 (block 202 in FIG. 2). In an example, the
signal received from the satellite 102 can be on a single
frequency (e.g., the f1 GPS frequency). In an example, the
receiver 112 can be located within a spacecraft 302 that is
within the ionosphere 304 above earth 306 as shown in FIG.
3. The receiver 112 can then determine a pseudorange to the
satellite 102 based on the signal. As mentioned above, to
determine the pseudorange, the receiver 112 can calculate an
amount of time the signal took to propagate from the satellite
102. When calculating the amount of time, the receiver 112
can compensate for delay in the signal propagation caused by
the ionosphere. Accordingly, the receiver 112 can calculate an
ionospheric delay for the signal. In an example, to calculate
an ionospheric delay for the signal, the receiver 112 can
determine a first ionospheric delay corresponding to a signal
having propagated through the entire ionosphere and scale the
first ionospheric delay based on the signal having only trav-
eled through a portion of the ionosphere 304.

Accordingly, the receiver 112 can calculate a first iono-
spheric delay corresponding to a signal that propagated from
the satellite 102 to a location below, with respect to the earth,
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the ionosphere 304 (block 206 of FIG. 2). That is, the receiver
112 can calculate an ionospheric delay corresponding to a
signal having propagated through the entire ionosphere 304.
In an example, the first ionospheric delay can be based on a
calculation that takes into account a current status (e.g.,
updated at least daily) of the ionosphere 304. In an example,
the first ionospheric delay can be calculated based on Klobu-
char’s model. As known, Klobuchar’s model can determine
the ionospheric delay for a receiver below the ionosphere 304,
for example, a receiver that is on the ground. More detail
regarding Klobuchar’s model can be found in “lonospheric
Time-Delay Algorithm for Single-Frequency GPS Users” by
John A Klobuchar, published in “IEEE Transactions on Aero-
space and Electronic Systems” on May 1987, pages 325-331,
Volume AES-23, Number 3, which is hereby incorporated
herein by reference.

Klobuchar’s model assumes that the ionosphere 304 is
concentrated into a thin shell (also referred to herein as the
“ionospheric shell”) surrounding the earth 306. Klobuchar’s
model also assumes that a signal propagates through the
ionospheric shell at a single point, referred to as the “pierce
point”. These simplifications along with coefficients pro-
vided by the satellites 102-110 enable the first ionospheric
delay to be efficiently calculated based on Klobuchar’s
model. As known, Klobuchar’s model is based on eight coef-
ficients that are continually updated from devices on the
ground based on current observations of the ionosphere 304.

In order to calculate the first ionospheric delay using
Klobuchar’s model, the receiver 112 can select a first location
308 to be used as the “pierce point” in Klobuchar’s model
(block 204 of FIG. 2). This first location 308 can be selected
as a function of a path of the signal from the satellite 102 to the
receiver 112. In an example, the first location 308 can be
selected as a point in which a line-of-sight 312 from the
satellite 102 to the receiver 112 crosses (e.g., pierces) this
ionospheric shell.

Klobuchar’s model includes an obliquity factor that is
applied to the first ionospheric delay in order to account for a
non-vertical propagation of the signal through the ionosphere
304. Accordingly, the obliquity factor can also be used to
calculate the first ionospheric delay. Since the obliquity factor
is based on the first location 308, selecting the first location
308 influences the obliquity factor in Klobuchar’s model. In
any case, the obliquity factor can be applied and the obliquity
factor can be based on the first location 308.

In order to calculate the first location 308, the receiver 112
can select an altitude 310 for the ionospheric shell (also
referred to herein as the “ionospheric shell altitude). The
ionospheric shell altitude 310 can be selected as an altitude
within the range of altitude that the actual ionosphere 304
occupies. For example, if the ionosphere 304 occupies the
altitudes from about 50 km to 1,000 km, the ionospheric shell
altitude 310 can be selected as an altitude within that range.

The ionospheric shell altitude can be selected as an altitude
that generally corresponds to about the 50? percentile of the
total electron content (TEC) in the portion of the ionosphere
304 above an altitude 314 of the spacecraft 302. This portion
of'theionosphere 304 is also referred to herein as the “residual
ionosphere”. The precision of the ionospheric shell altitude
310 can be based on the amount of processing power present
in the receiver 112. That is, in order to perform method 200 in
a real-time system, certain inaccuracies in the ionospheric
shell altitude 310 may be tolerated in the interest of reducing
processing requirements.

In an example, the ionospheric shell altitude 310 (e.g., an
altitude that generally corresponds to about the 507 percentile
of the total electron content (TEC)) can be selected by per-
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forming a calculation based on the altitude of the spacecraft
302. For example, the receiver 112 can calculate the 50”
percentile of TEC based on a distribution curve for the
residual ionosphere. The 50 percentile of TEC in a distribu-
tion curve can be determined based on a database of historical
ionosphere data, such as the International Reference Iono-
sphere (IRI) database or the Global Ionosphere Maps (GIM)
database. In another example, the receiver 112 can calculate
an altitude that is midway between the satellite 102 and the
receiver 112. For example, if the satellite is at an altitude of
20,000 km and the receiver 112 is at an altitude of 1,000 km,
the ionospheric shell altitude 310 can be selected as 10,500
km.

The ionospheric shell altitude 310 (e.g., an altitude that
generally corresponds to about the 50? percentile of the total
electron content (TEC)) can also be selected with minimal
calculation by selecting a predefined “standard altitude”.
Since the standard altitude is predefined, the standard altitude
does not take into account the altitude of the receiver 112. In
an example, the standard altitude can be 350 km.

In some examples, the receiver 112 can use different meth-
ods to select the ionospheric shell altitude 310 (e.g., an alti-
tude that generally corresponds to about the 507 percentile of
the total electron content (TEC)) based on the current altitude
314 of the spacecraft 302. For example, if the spacecraft 302
is near the bottom of the ionosphere 304, the predefined
standard altitude can be selected as this is likely a good
approximation of the 507 percentile of TEC and requires
minimal calculation. If the spacecraft 302 is higher up in the
ionosphere 304 (e.g., near or above the standard altitude), the
receiver 112 can use a calculation based on the altitude of the
spacecraft 302 as discussed above.

In any case, the first location 308 can be selected based on
the ionospheric shell altitude 310. For example, the first loca-
tion 308 can be selected as the point in which a line-of-sight
312 from the satellite 102 to the receiver 112 crosses the
ionospheric shell altitude 310. Once selected, the first loca-
tion 308 can be used as the pierce point for a calculation
according to Klobuchar’s model. Accordingly, the first iono-
spheric delay can be calculated based on Klobuchar’s model
using the first location 308 as the pierce point. In other
examples, other calculations can be used to determine the first
ionospheric delay.

Once the first ionospheric delay is calculated, the first
ionospheric delay can be scaled to account for the receiver
112 being located within the ionosphere 304, that is, to
account for the signal only having traveled through a portion
of the ionosphere 304. In an example, a scale factor can be
determined based on the altitude of the receiver 112 (block
208). The scale factor can be determined based on the vertical
ionospheric delay of the signal, because the scale factor for a
signal having traveled through the ionosphere 304 at an angle
(e.g., along a slant) can be considered to be equivalent to the
scale factor for a signal having traveled through the iono-
sphere 304 in the vertical direction, due to the multiplication
of the obliquity factor described above. The portion of the
ionosphere 304 above the altitude 314 of the spacecraft 302 is
also referred to as the residual ionosphere as described above.

In an example, the scale factor can correspond to a ratio of
an ionospheric delay in the vertical direction at a second
location (314 in FIG. 3) to an ionospheric delay in the vertical
direction at a third location (316 in FIG. 3). The second
location 314 can be vertically below the first location 308 and
having an altitude corresponding to an altitude of the receiver
112 (e.g., an altitude of the spacecraft 302). As mentioned
above, the ionospheric delay can be calculated with respect to
a receiver below the ionosphere 304. Accordingly, the third
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location 316 can be vertically below the first location 308 and
can correspond to an ionospheric delay below the ionosphere
304, for example, on the ground. In an example, the second
location 314 and the third location 316 can be vertically
below the first location 308, such that the assumed vertical
signal path travels through the first 308, second 314, and third
location 316. Since the ratio of the ionospheric delay for the
second 314 and third location 314 is based on the ratio of the
total electron content (TEC) corresponding to the second 314
and third location 316, in an example, the scale factor can be
based on the ratio of a first TEC corresponding to the iono-
sphere 304 in a vertical column above the second location 314
to a second TEC corresponding to the ionosphere 304 in a
vertical column above the third location 316. In an example,
the first and second TEC can be determined based queries to
a database of historical ionosphere data, such as the Interna-
tional Reference Ionosphere (IRI) database or the Global
Ionosphere Maps (GIM) database. For example, the first TEC
can be determined by a single query into the IRI database for
the second location 314. Likewise, the second TEC can be
determined by a single query into the IRI database for the
third location 316. Accordingly, the first and second TEC can
be determined by relatively quick queries into the database
and without extensive calculations required by curve fitting or
other algorithms. In an example, the second location 314 can
have latitude and longitude coordinates corresponding to
(e.g., the same as) the first location 308 and can have an
altitude coordinate corresponding to (e.g., the same as) an
altitude of the receiver 112. The third location 316 can have
latitude and longitude coordinates corresponding to (e.g., the
same as) the first location 308 and can have an altitude coor-
dinate corresponding to an altitude below the ionosphere 304
(e.g., on the ground, zero altitude).

Once the scale factor has been determined, the first iono-
spheric delay can be scaled with (e.g., multiplied by) the scale
factor to calculate a second ionospheric delay corresponding
to an altitude of the receiver 112. For example, if the first
ionospheric delay is calculated as 10 ns, and the ratio of the
first TEC to the second TEC is 2 to 10, the second ionospheric
delay can be 2 ns. Accordingly, an ionospheric delay can be
determined in real-time from a single frequency for a receiver
112 that is within the ionosphere 304.

Once the second ionospheric delay is calculated, a com-
pensation for the second ionospheric delay can be applied to
a measurement for the signal from the satellite 102. In some
examples, other compensations and adjustments can be
applied to a measurement from the satellite 102, including,
compensation for tropospheric delay and others.

As mentioned above, the methods and acts described
herein can correspond to instructions on processor-readable
media. The processor-readable media can be implemented as
any available media that can be accessed by a general purpose
or special purpose computer or processor, or any program-
mable logic device as discussed above with respect to
memory 116.

Although specific embodiments have been illustrated and
described herein, it will be appreciated by those of ordinary
skill in the art that any arrangement, which is calculated to
achieve the same purpose, may be substituted for the specific
embodiments shown. Therefore, it is manifestly intended that
this invention be limited only by the claims and the equiva-
lents thereof.

What is claimed is:

1. A method for ionospheric delay compensation from a
single frequency signal in a satellite navigation system
receiver, the method comprising:
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receiving a signal from a navigation satellite;

selecting a first location as a function of a path of the signal
from the navigation satellite to the satellite navigation
system receiver;

determining a first ionospheric delay based on the first

location and corresponding to a signal having propa-
gated from the navigation satellite to a location below
the ionosphere;

determining a scale factor corresponding to a ratio of an

ionospheric delay in the vertical direction at a second
location to an ionospheric delay in the vertical direction
at a third location, the second location vertically below
the first location and corresponding to an altitude of the
satellite navigation system receiver, the third location
vertically below the first location and corresponding to
an altitude below the ionosphere;

scaling the first ionospheric delay by the scale factor to

determine a second ionospheric delay corresponding to
the altitude of the satellite navigation system receiver;
and

applying a compensation for the second ionospheric delay

to a measurement for the signal from the navigation
satellite.

2. The method of claim 1, wherein selecting a first location
includes selecting the first location as a point in which a
line-of-sight between the satellite navigation system receiver
and the navigation satellite crosses a shell corresponding to an
altitude at which the ionosphere is assumed to be concen-
trated.

3. The method of claim 2, comprising:

selecting the altitude at which the ionosphere is assumed to

be concentrated based on the 50” percentile of the total
electron content (TEC) in the portion of the ionosphere
above the satellite navigation system receiver.
4. The method of claim 1, wherein determining a scale
factor includes:
determining a first total electron content (TEC) of the iono-
sphere, the first TEC corresponding to the ionosphere in
a vertical column above the second location;

determining a second TEC of the ionosphere, the second
TEC corresponding to the ionosphere in a vertical col-
umn above the third location; and

wherein the scale factor corresponds to the ratio of the first

TEC to the second TEC.

5. The method of claim 4, wherein the determining a first
TEC includes querying a database of historical ionosphere
data; and wherein determining a second TEC includes que-
rying the database of historical ionosphere data.

6. The method of claim 5, wherein the determining a first
TEC includes a single query into the database of historical
ionosphere data; and wherein determining a second TEC
includes a single query into the database of historical iono-
sphere data.

7. The method of claim 6, wherein the database includes an
International Reference Ionosphere (IRI) database or a Glo-
bal Ionosphere Maps (GIM) database.

8. The method of claim 1, wherein determining a first
ionospheric delay includes calculating ionospheric delay
according to Klobuchar’s model and using the first location as
a pierce point.

9. The method of claim 1, wherein determining a first
ionospheric delay includes:

applying an obliquity factor to account for a non-vertical

propagation of the signal through the ionosphere.
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10. A satellite navigation system receiver comprising:

one or more processing devices;

one or more memory devices coupled to the one or more

processing devices and including instructions which,

when executed by the one or more processing devices,

cause the one or more processing devices to:

receive a signal from a navigation satellite;

select a first location as a function of a path of the signal
from the navigation satellite to the satellite navigation
system receiver;

determine a first ionospheric delay based on the first
location and corresponding to a signal having propa-
gated from the navigation satellite to a location below
the ionosphere;

determine a scale factor corresponding to a ratio of an
ionospheric delay in the vertical direction at a second
location to an ionospheric delay in the vertical direc-
tion at a third location, the second location vertically
below the first location and having an altitude corre-
sponding to an altitude of the satellite navigation sys-
tem receiver, the third location vertically below the
first location and having an altitude below the iono-
sphere;

scale the first ionospheric delay by the scale factor to
determine a second ionospheric delay corresponding
to the altitude of the satellite navigation system
receiver; and

apply a compensation for the second ionospheric delay
to a measurement for the signal from the navigation
satellite.

11. The satellite navigation system receiver of claim 10,
wherein select a first location includes select the first location
as a point in which a line of sight between the satellite navi-
gation system receiver and the navigation satellite crosses a
shell corresponding to an altitude at which the ionosphere is
assumed to be concentrated.

12. The satellite navigation system receiver of claim 11,
wherein the instructions cause the one or more memory
devices to:

select the altitude at which the ionosphere is assumed to be

concentrated based on the 50” percentile of the total
electron content (TEC) in the portion of the ionosphere
above the satellite navigation system receiver.
13. The satellite navigation system receiver of claim 10,
wherein determine a scale factor includes:
determine a first total electron content (TEC) of the iono-
sphere, the first TEC corresponding to the ionosphere in
a vertical column above the second location;

determine a second TEC ofthe ionosphere, the second TEC
corresponding to the ionosphere in a vertical column
above the third location; and

wherein the scale factor corresponds to the ratio of the first

TEC to the second TEC.

14. The satellite navigation system receiver of claim 13,
wherein determine a first TEC includes querying a database
othistorical ionosphere data; and wherein determine a second
TEC includes querying the database of historical ionosphere
data.

15. The satellite navigation system receiver of claim 14,
wherein determine a first TEC includes a single query into the
database of historical ionosphere data; and wherein deter-
mine a second TEC includes a single query into the database
of historical ionosphere data.

16. The satellite navigation system receiver of claim 15,
wherein the database includes an International Reference
Ionosphere (IRI) database or a Global Ionosphere Maps
(GIM) database.
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17. The satellite navigation system receiver of claim 10,
wherein determine a firstionospheric delay includes calculate
ionospheric delay according to Klobuchar’s model and using
the first location as a pierce point.

18. The satellite navigation system receiver of claim 10,
wherein determine a first ionospheric delay includes:

apply an obliquity factor to account for a non-vertical

propagation of the signal through the ionosphere.

19. A non-transitory computer readable medium including
instructions which, when executed by a processing device,
cause the processing device to:

select a first location as a function of a path of a signal from

a navigation satellite to a satellite navigation system
receiver;,

determine a first ionospheric delay according to Klobu-

char’s model, using the first location as a pierce point;
query an International Reference lonosphere (IRI) data-
base to determine a first total electron content (TEC) of
the ionosphere, the first TEC corresponding to the iono-
sphere in a vertical column above a second location

15

10

vertically below the first location and having an altitude
of the satellite navigation system receiver;
query the IRI database to determine a second TEC of the
ionosphere, the second TEC corresponding to the iono-
sphere in a vertical column above a third location verti-
cally below the first location and below the ionosphere;
determine a second ionospheric delay by:
scaling the first ionospheric delay by an amount corre-
sponding to the first TEC over the second TEC to
determine a second ionospheric delay corresponding
to the altitude of the satellite navigation system
receiver; and
apply a compensation for the second ionospheric delay to a
measurement for a signal from the navigation satellite.
20. The non-transitory computer readable medium of claim
19, wherein select a first location includes select the first
location as a point in which a line of sight between the satellite
navigation system receiver and the navigation satellite
crosses a shell corresponding to an altitude at which the
ionosphere is assumed to be concentrated.

#* #* #* #* #*
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